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Preface
Most of the deformation on Earth is concentrated in relatively narrow high-strain zones (e.g. plate boundaries). The purpose of this volume was to address different aspects dealing with high-strain zones, from the map scale to the processes active in high-strain zones to the physical properties of highly strained rocks. Several of the contributions were originally presented in a special session entitled 'High-Strain Zones' at the EGS-AGU-EUG meeting 2003 in Nice, France, which inspired the compilation of this book. An introduction to the subject of deformation in high-strain zones is given by Burlini & Bruhn. They discuss recent developments in laboratory studies on high strain with an emphasis on torsion and the consequences of the results of these studies on our understanding of strain-softening mechanisms. The other contributions are grouped by common themes. To some extent the grouping of papers seems arbitrary, as some papers address several of the aspects chosen as headers for the different thematic groups. In the first group, on high-strain zones in nature, studies often include investigations on physical properties or the interaction of deformation and metamorphism. In their contribution on the Kohistan palaeo-island arc, in Pakistan, Burg et ai. present the result of many years of fieldwork in the area. Their detailed investigations show that the shear zones in the area are Pre-Himalayan and synmagmatic, probably consistent with the bulk flow direction of the subduction zone and may be mistaken for structures documenting continental collision. In their contribution they include a complete cross section (foldout) which can be used as an excellent example of the mantle crustal transition of an exhumed island arc. In the next contribution, Teyssier et al. discuss the collapse, partial melting and detachment in parts of the Canadian cordillera in a combined study of anisotropy of magnetic susceptibility (AMS), microstructure and thermochronology. The following paper is a geometric analysis of a shear zone, which was repeatedly intruded by granitic veins during deformation, presented by Passchier et al. Based on this analysis, they discuss potential constraints on the stress field and the mode of deformation during synkinematic vein intrusion. In the next paper, Resor & Snoke present a detailed study of a Precambrian shear zone in the Laramie Mountains of Wyoming, USA. The last paper in this group is by Edwards & Ratschbacher, who investigated a Himalayan fault zone that exposes a range of exhumed fault rock assemblages, allowing the study of deeper crustal deformation processes, fault zone rheology and possible weakening mechanisms.
The next group of papers addresses the physical properties of high-strain zones, both in field studies and through laboratory investigations. Sidman et al. describe the development of magnetic fabrics across a mylonitic shear zone and present a rolling-hinge model to explain the rotation of fabrics forming a wide arch when approaching the shear zone. In the next contribution, Ritter et al. compare field electrical resistivity models of fault zones in diverse environments. The subsequent contribution is a laboratory study on the seismic properties at pressure and temperature of progressively deformed rocks by Burlini et al., with an emphasis on the effect of temperature. Then Schubnel et al. present results of laboratory measurements of compressional and shear wave velocities in samples of limestone as they are stressed to brittle failure. Finally, the laboratory study by Baud et al. addresses the issue of anisotropy induced by bedding or foliation and its effect on rock physical properties, on brittle strength, and on the brittle-ductile transition in porous rocks.
In the next group of papers about the rheology of high-strain zones, Mainprice & Paterson contribute results on laboratory deformation of flint. Their study presents a comprehensive set of approaches, including constant strain rate triaxial compression and load relaxation tests, microstructural and fabric analysis, IR spectroscopy, and application of the results to test micromechanical models of dislocation and diffusion creep. The next paper is a study on the rheology of gypsum deformed to high strains by Barberini et al., who present new experimental data that show evolution of deformational behaviour with increasing strain and during ongoing dehydration. Bruhn et al. then address the reciprocal effect of grain size and melt distribution on the rheology of partially molten peridotites. In the next paper Niemeijer & Spiers present experimental results and modelling of phyllonite generation and its effects on fault strength in the brittle-ductile transition. The last contribution in this group is by Evans, who reviews potential ways to define mechanical laws for rocks undergoing plastic deformation to high strains. The emphasis of this review paper is on the mechanical equation of state approach to studying deformation of rocks with evolving microstructures.
An area that has received increasing attention, mainly in the field but also by some laboratory studies is the interaction of deformation and metamorphism. Although several of the papers in the first group also address the subject, it is the central issue of the two contributions in this group. One of the major questions in this context is that of reaction weakening, which has preoccupied structural geologists for almost 25 years now, but its mechanical effects on largescale tectonic systems such as foreland thrusts, as presented here by Wibberley, have only recently come under scrutiny. The other contribution in this group is by Rossi et al., who address the chemical changes in the host rock induced by the formation of a shear zone in the Mont Blanc Massif in the French-Italian Alps.
New methods in the investigation of phenomena related to high strain in rocks are the subject of two papers in the next group. Muto et al. combined cathodoluminescence observations with IR-spectroscopy measurements in deformed quartzite samples to reveal hydrogen distribution patterns, Fernfindez et al. developed a new approach to analyse shape fabrics and determine finite strain using a Geographical Information System (GIS).
The last group in this compilation includes two contributions with a numerical modelling approach to high-strain zones. Schmid investigates rotation and pressure perturbations in and around rigid polygons in shear zones using a combination of finite element method calculations with Muskhelishvili-type analytical solutions instead of the commonly employed ellipsoid-based shape approximation. Then Issen & Challa present a comprehensive explanation and summary of the bifurcation approach for analysis of strain localization in porous rocks. Using this approach they clarify they conditions under which compaction and dilation bands may develop under axisymmetric compression and extension loading.
In conclusion, we would like to express our thanks to the many authors and reviewers who provided manuscripts and comments to this special volume. We are also indebted to those who helped by discussing scientific and organisational issues, first of all our scientific series editor Bob Holdsworth, and all others who are too numerous to name. Our special thanks go to Angharad Hills, Sarah Joomun and Sally Oberst at Geological Society Publishing House who so patiently put up with all the delays and shortcomings during the editorial and publication processes.
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